The risk of aspiration of gastric contents in the perioperative period constitutes a serious clinical problem and it is connected with increased mortality. At present, the risk of aspiration is assessed only on the basis of an interview and information obtained from the patient. Such an assessment is not always reliable while the concomitance of some additional factors influencing the delay of gastric emptying significantly decreases its sensitivity. Using bedside ultrasound imaging in an assessment of gastric contents is a method which supports an objective, simple and quick assessment of the risk of aspiration, helps one to optimise perioperative anaesthetic management, and should constitute a routine element of the perioperative patient assessment.
routine preoperative assessment. An equally objective, as well as widely available, quick, easy and repeatable bedside method for assessing the risk of aspiration is ultrasound imaging of the stomach and evaluation of its liquid and solid contents [9] [10] [11] [12] [13] . Whenever there are doubts concerning a risk assessment, ultrasound imaging of gastric emptying should be performed prior to taking any decisions about the procedure, the method of anaesthesia or Induction of anaesthesia. This kind of assessment has its limitations, which include post-gastric resection conditions, gastric banding procedures, fundoplications and large hiatus hernias. In the above cases, ultrasound assessment of gastric emptying is disturbed by the changes in the gastric antrum anatomy, which can reduce the reliability of the method.
Scanning technique
In the vast majority of patients, a low-frequency "convex" transducer (2-5 MHz) is used which ensures the optimal depth of ultrasound beam penetration. A high-frequency linear transducer with a lower ultrasound beam penetration can be used in extremely lean, cachetic or debilitated patients and in children. The examination is performed in two positions namely: supine and right lateral decubitus ( Figs  1 and 2 ). The lack of gastric contents detected in the supine position does not exclude their presence in the right lateral decubitus position; therefore, in all cases the lack of gastric contents has to be confirmed in both positions [9, 14] . While choosing the optimal settings, a preset "abdominal" or "FAST" transducer with the marker directed cephalad is placed in the sagittal plane, in the medial line within the epigastrium directly under the xiphoid process ( Fig. 1 ) and the image is optimised by slight right-left movements of the transducer.
Sonoanatomy
In the ultrasound image, the gastric antrum is most commonly located at a depth of about 3-5 cm between the left hepatic lobe and the retroperitoneal pancreas. Moreover, useful retroperitoneally placed pancreas include the abdominal aorta, inferior vena cava and superior mesentery vessels (Fig. 3) .
Based on the sonoanatomic image of the gastric antrum, gastric contents can be quite accurately defined and a particular image associated with the risk of aspiration [15] [16] [17] .
In the ultrasound scan, the empty stomach is thick-walled, predominantly ovoid or egg-like, less commonly flat, hollow or with some hypoechoic (dark) substance ("target pattern") (Fig. 3) .
A stomach filled with solid contents in the early stage of digestion ( usually up to one hour after solid food intake) has a characteristic "frosted glass" pattern, which is associated with the presence of air along the anterior stomach wall and the formation of ultrasound artefacts disturbing imaging of the deeper structures (Fig. 4) . A stomach filled with solid contents in the later stage of digestion (usually 1-2 hours after solid food intake) is characteristically distended, thinwalled and filled with heterogeneous, fragmented contents (Fig. 5) . The presence of homogeneous, highly-hyperechoic contents indicates the intake of dairy products or other liquids with an admixture of solid particles (Fig. 6) .
A stomach filled with clear liquids is thin-walled, ovoid with an anechoic (dark) substance in the lumen (Fig. 7) . The size (cross-sectional area) of the antrum is directly proportional to the amount of liquid. When clear liquid is detected using simple calculations and ready-to-use tables (separate tables for adults and children), it is worth estimating the volume of retained liquids, which will directly determine the risk of aspiration. To assess the volume of retained liquids, the cross-sectional area of the stomach should be calculated [8] . The measurement is made in the right decubitus position at the aorta level and the full thickness of the stomach is included (Fig. 8) ; the result is read from the ready-to-use tables prepared on the basis of gastroscopic evaluation of gastric emptying and mathematical models (Table 1) [9] . A volume of liquids equal to or lower than 1.5 mL kg -1 (up to 100 mL for an average adult patient) is considered normal in a fasting patient and is associated with a low risk of aspiration.
Moreover, the stomach shows a characteristic ultrasound appearance directly after the intake of carbonated drinks; the image demonstrates the presence of anechoic fluid in the lumen with numerous hyperechoic inclusion bodies, i.e., a "starry night" appearance (Fig. 9) . Paediatric patients form a slightly different group. In children aged from 11 months to 17 years, separate tables are used to assess the volume of clear liquids (Table 2) ; based on the calculated cross-sectional area of the antrum and age, the estimated liquid volume is read [17] . In this group of patients, the cut- off point considered safe (low risk of aspiration) is 1-1.2 mL kg -1 of clear liquid [19] [20] [21] . Besides the operating suite setting, the ultrasound method for assessment of gastric retention can also be used in ICU patients, in whom the nutritional intervention is planned or has already been employed through a gastric tube. Based on the ultrasound image, the presence of gastric content or gastroparesis can be evaluated (Fig. 10) , which may implicate changes in clinical management in order to implement more effective nutritional interventions [22] . Additionally, during ultrasound examinations the proper positioning of the nasogastric tube can be assessed, as well as the presence or absence of peristalsis; moreover, the management in cases of elevated intra-abdominal pressure can be optimised [23] .
interpretation of findingS
The detection of solid contents (both in the early and late stages of digestion) and clear liquids above 1.5 mL kg -1 (1-1.2 mL kg -1 in children) is associated with a high risk of aspiration and pulmonary complications directly increasing mortality rates. In such cases, the postponement of surgery should be considered; when not possible, the rapid sequence induction of an alternative method of anaesthesia (regional anaesthesia techniques) should be used. In pregnant women the interpretation of sonoanatomic images may be hindered due to an enlarged uterus and a substantial shifting of the anatomical structures within the epigastrium. Since there are no ready algorithms and tables for evaluation of the clear liquid volume in pregnant women, the threedegree assessment of gastric contents has been used in this 1  0  0  2  3  5  6  8  9  11  12  14  16  17  19  20   2  2  4  5  7  8  10  11  13  14  16  18  19  21  22  24   3  6  7  9  10  11  13  14  16  18  19  21  23  24  26  27   4  9  11  12  14  15  17  18  20  21  23  25  26  28  29  31   5  13  14  16  17  19  20  22  23  25  26  28  30  31  33  34   6  16  18  19  21  22  24  25  27  28  30  31  33  35  36  38   7  20  21  23  24  26  27  29  30  32  33  35  37  38  40  41   8  23  25  26  28  29  31  32  34  35  37  38  40  42  43  45   9  27  28  30  31  33  34  36  37  39  40  42  44  45  47  48   10  30  32  33  35  36  38  39  41  42  44  45  47  49  50  52   11  34  35  37  38  40  41  43  44  46  47  49  51  52  54  55   12  37  39  40  42  43  45  46  48  49  51  52  54  55  57  59   13  41  42  44  45  47  48  50  51  53  54  56  58  59  61  62   14  44  46  47  49  50  52  53  55  56  58  59  61  62  64  66   15  48  49  51  52  54  55  57  58  60  61  63  65  66  68  69 CSA: cross-sectional area [cm 2 ] Figure 10 . The sonoanatomic image of the stomach filled with high amounts of retained contents. An arrow shows the stomach filled with high amounts of retained contents (the image can correspond to gastroparesis) group of patients until recently, i.e., empty, solid content and clear liquid with no accurate evaluation of its volume [24, 25] . At present, separate algorithms are available for patients in the third trimester of pregnancy [26, 27] . According to one study, the cut-off point of the cross-sectional area of the antrum in patients in the third trimester of pregnancy can be 9.6 cm 2 [26] . Above this value, the gastric liquid volume can exceed 1. 5 mL kg -1 and is associated with an increased risk of aspiration. The optimal position for evaluating gastric retention and performing measurements is considered to be the right lateral semirecumbent position [26] . In patients with pathological obesity, an increased amount of fatty tissue can hinder ultrasonograhic imaging. The selection of an appropriate depth of ultrasound penetration is essential (in the majority of obese patients, the gastric antrum can be visualised at the depth of up to 7 cm). Additionally, it should be remembered that the algorithms and tables used for evaluation of the clear liquid volume Cephalad Skin Aorta Cephalad Skin concern patients a body mass index (BMI) < 40 kg m -2 and should not be applied to patients with a higher BMI [28] .
Summary
Ultrasonograhic imaging is a useful tool not only for regional anaesthesia or in intensive care units but it also enables an objective, easy, quick and bedside assessment of gastric retention, based on which the risk of aspiration of gastric contents can be determined. The evaluation of gastric retention in patients undergoing surgical procedures facilitates therapeutic decisions, the selection of optimal types of anaesthesia or techniques of induction and should be more widely used as a routine element of preoperative evaluation of patients.
